Text Messaging and Internet-Based Interventions
Human papillomavirus (HPV) vaccination is routinely recommended for U.S. adolescents ages 11 to 12 years, yet vaccine coverage remains low. Text message HPV immunization reminders to parents have been effective with increasing uptake, but text messages directly to adolescents in order to increase HPV vaccination uptake are unknown. The purpose of this study was to examine the acceptability of text messages about HPV vaccination and message preferences among adolescents. Middle school students (n = 43) assisted in designing text messages to promote HPV vaccine among their peers. Through seven focus groups and two in-class surveys, we assessed students' knowledge of HPV vaccine, use of texting, and preferences for text messages and sources. The average age of participants was 13 years, and all were White (17 males, 26 females) in this rural setting. More than 70% used text messaging with a cell phone. The text message with the best composite score (M = 2.33, SD = 0.72) for likeability, trustworthiness, and motivation to seek more information was a gain frame emphasizing reduction in HPV infection if vaccinated against HPV. Text messages with lower scores emphasized threats of disease if not vaccinated. Participants (68%) preferred doctors as their information source. Text messaging to adolescents may be a strategy to improve HPV knowledge and vaccination.
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Human papillomavirus (HPV) is the most common sexually transmitted infection (STI) in the United States (Centers for Disease Control and Prevention, 2012 ), yet HPV vaccination coverage is far below the national objective set at 80% by Healthy People 2020 (Centers for Disease Control and Prevention, 2013) . HPV causes genital warts and is associated with cervical, vaginal, vulvar, anal, penile, and throat cancers (Centers for Disease Control and Prevention, 2013; Markowitz et al., 2013; National Cancer Institute, 2012) . HPV vaccination is routinely recommended for adolescents ages 11 to 12 years in an effort to vaccinate teens prior to their sexual debut (Centers for Disease Control and Prevention, 2011) . At the end of 2012, completion of the three-dose HPV vaccine series among females and males ages 13 to 17 in the United States was only 33.4% and 6.8%, respectively (Centers for Disease Control and Prevention, 2013) .
Diverse communication strategies to inform parents and adolescents about HPV vaccination are needed in order to motivate them to complete the vaccination series (Centers for Disease Control and Prevention, 2013; Sherris et al., 2006; Task Force on Community Preventive Services, 2011) . Reminders by telephone are a well-established best practice to encourage immunization (Jacobsen Vann & Szilagyi, 2005; Szilagyi et al., 2013) .Though sparse evidence exists to date, texting is one promising communication innovation to inform and remind audiences because of its potential for broad and individualized reach (Buhi et al., 2012; Glasgow, Vogt, & Boles, 1999; Gurol-Urganci, de Jongh, Vodopivec-Jamsek, Atun, & Car, 2013; Kharbanda et al., 2011; Kharbanda, Stockwell, Fox, & Rickert, 2009; Ralph, Berglas, Schwartz, & Brindis, 2011) .
Texting adolescents directly about HPV vaccination is a possible strategy to increase HPV vaccination. The vast majority of American teens (78% of those ages 12-17) have cell phones, and the majority of these teens text every day, more frequently than other forms of daily communication, including phone calls, face-toface socializing, and social media use (Lenhart, 2012) . The acceptability and effectiveness of text messages sent to adolescents have been tested with other health issues, including sexual health and knowledge of STIs (Gold et al., 2011; Perry et al., 2012) . Development of vaccination messages with input from middle school adolescents has been demonstrated in one study as promoting flu vaccine (Painter et al., 2010) . Adolescents are learning to be their own health care navigators and can be informed partners in the decision to pursue HPV vaccination (McRee, Reiter, Gottlieb, & Brewer, 2011) . Parents are usually responsible for consenting to their minor children's vaccinations, but some states, including North Carolina, also have "minors' consent laws" allowing children younger than 18 to consent for themselves for certain services such as prevention and treatment of STIs (English et al., 2008; Guttmacher Institute, 2013) .
This exploratory study examined young adolescents' knowledge of HPV infection and vaccination, preferences for text messages, and sources of information about HPV vaccination. The study incorporated an innovative research to practice linkage between (a) communication, medical, and public health researchers; and (b) practitioners in school-based health clinics. Findings will inform similar efforts to communicate with adolescents and their parents about health topics.
> > MetHod

Participants
Two middle schools in a rural western North Carolina county helped the study team recruit 43 students from four seventh-grade social studies classes to give input on designing text messages in order to raise awareness of HPV vaccination among their age-group. Children at these schools tend to be poorer, more likely to be uninsured, less likely to have access to adolescent health care providers, and more likely to have unemployed parents, compared to the average child in North Carolina (Kids Count Data Center, 2012) . The county is predominantly White. Both schools have school-based clinics that students can access during the day and that could be sites for HPV vaccination in a future intervention. Participants whose parents consented to the study represented 63% of the 68 students enrolled in the four classes. We sent consent forms home with the students the day before the focus groups and asked students to sign assent forms at the beginning of the group discussion. Focus group leaders were a White female and Black male, both in their early 30s and part of the ongoing research team.
Procedures
We conducted the research in three phases from November 2011 to April 2012 with the initial 43 students ( Figure 1 ). First, we assessed students' knowledge of HPV and HPV vaccine and their use of texting through four focus groups and in-class surveys. Second, we created preliminary text messages based on responses from the first round of focus groups and solicited further feedback in a second round of three groups with 22 of the original participants who were able to attend that day. Third, we created final text messages for testing with 39 of the initial 43 students with in-class paper surveys. Additionally, we conducted key informant interviews (not reported here) with three school administrators, a teacher, and four parents to ask about the feasibility of text messaging students about HPV vaccine. The study was approved by the university's institutional review board.
Instruments
Theoretical Concepts. We used theoretical concepts from mass communication research (Hornik, 2002; Noar, 2006) , the health belief model (Becker, 1974; Janz, Champion, & Strecher, 2002; Rosenstock, Strecher, & Becker, 1988) , and message design studies (Dillard & Nabi, 2006; Rothman, Bartels, Wlaschin, & Salovey, 2006) . Based on models used in mass communication, we assessed middle school students' preferences for a cell phone as a channel for a message about HPV vaccination from a trusted source (doctor, school nurse, friend). From the health belief model, we drew questions about the students' perceptions of their susceptibility to HPV infection and disease; severity of HPV-related disease, benefits from getting the HPV vaccine; possible barriers, such as access; and self-efficacy to talk with others about vaccination. We used message design concepts of gain framing (Rothman et al., 2006;  highlighting positive outcomes of behavior compliance) and emotional relevance (Dillard & Nabi, 2006) to increase the possibility that the persuasive messages would encourage HPV vaccination (Noar, 2006) .
Surveys. We administered an initial paper survey at the beginning of the first focus group to ascertain students' demographics, cell phone ownership and text message usage, sexual activity and knowledge, perceptions and experience with HPV and HPV vaccine, and attitude toward getting HPV vaccine at the schoolbased clinic. Survey questions were based on (a) Guidelines for Adolescent Preventive Services (Elster & Kuznets, 1994) and (b) published surveys on HPV knowledge (Brewer et al., 2011; Hughes et al., 2009 ).
FIgure 1 Flowchart of Methods for Soliciting Input on HPV Vaccine Messages From Middle School Students NOTE: HPV = human papillomavirus.
We administered a second paper survey with similar questions at the final session to assess whether students, as a result of focus group discussions, retained knowledge about HPV vaccine and expressed any differences in attitude or behavior since the initial survey and to solicit feedback on final text messages. The surveys were pretested with a convenience sample of 15 seventh-grade students.
For testing with the students, we crafted sample text messages based on students' focus group responses to draw attention to their susceptibility to HPV and the benefits of HPV vaccine. We divided the sample text messages into three parts: (a) message greeting, (b) body of message, and (c) action statement, and asked students about each part. The greetings varied by tone (friendly, serious, neutral), and the messages varied by both tone (nondirective/soft vs. directive/hard) and frame (loss/ gain/social norm). Students rated each sample message for likeability, trustworthiness, and whether the message made them want more information about HPV and HPV vaccine. They rated message greetings and action statements by best or worst and indicated whether they preferred messages spelled out or in shorthand (i.e., text language, such as LOL, OMG, U).
Focus Groups. The seven focus groups ranged from 6 to 16 participants and ran from 40 to 50 minutes. They were audiotaped and transcribed. Discussion guides for the four groups in Round 1 posed questions about HPV and HPV vaccine knowledge and attitudes and use and perceptions of cell phones and texting. Discussion guides for the three focus groups in Round 2 devoted time for thoughts on potential text messages promoting HPV vaccination to young audiences. One purpose of the study was to deconstruct a text message about HPV vaccination and to design messages that could be tested in parts. We created final test messages from feedback given in both rounds of focus groups.
Data Analyses
Surveys. Quantitative analysis conducted in SPSS 17.0 included examination of descriptive statistics and basic comparisons between initial and final surveys. Stratified analyses (e.g., by gender) were limited by insufficient sample size. We computed composite scores as an average of liking, wanting more information, and trust scores for each message.
Focus Groups. Using a constant comparative method, two authors independently coded categories from the first transcript of each of the two rounds of focus groups.
A third coder, who was a graduate student but not an author, paired with one of the authors on subsequent coding. After discussing and coming to consensus, coders reached reliability on 22 variables (based on our theoretical constructs; e.g., preferences for channel and messages, perceived susceptibility to HPV infection) from the first round of focus groups, with agreement at 99% and Cohen's κ from .79 to 1.0 (average of .94). We followed a similar process for Round 2 of the focus groups and reached reliability on 24 variables with 99.7% agreement and Cohen's κ from .72 to 1.0 (average of .91).
> > reSultS
Student Surveys
Participants. The average age of the 17 boys and 26 girls was 13, and all were White, reflecting the racial composition of the county. More than 70% of the students said they had their own cell phone and used text messaging. Fewer than 5% indicated that they had ever received text messages about health topics before. More than 60% of the students reported that their parents had talked with them about sex. Only one student indicated that he or she had engaged in sexual intercourse. The majority (more than 92%) responded that they were not thinking about having sex anytime soon.
Knowledge About HPV and HPV Vaccine. Following discussions in focus groups, the students' awareness and knowledge of HPV and HPV vaccine increased from the initial to the final survey (Table 1) . On the initial survey, the most common sources for hearing about HPV vaccine were a teacher or other adult at school (48.7%), doctor or nurse (46.2%), an ad by a drug company on the television or radio (38.5%), and friends or other kids at school (30.8%). In the second survey, most students wanted to receive more information about HPV from their doctor (72%) or mother (54%). Other common sources were teacher or other adult at school (46.2%), text message (28.2%), other family members (25.6%), or various Internet sources (25.6%).
Most students could not answer any of the knowledge questions correctly in the initial survey, but most correctly answered all but one of the eight knowledge questions in the final survey. The answer where almost half of the students (48.7%) indicated "don't know" in the final survey was to the following knowledge question: "Do you think HPV can cause cancer in males?"
HPV Vaccine Perceptions and Experience. In both surveys, most of the students indicated they had not 
received any shots of the HPV vaccine. When asked what they believed was their chance of getting HPV someday if they did not get the vaccine, 20% in the initial survey and 38.5% in the final survey selected "high chance."
Focus Groups
We identified four main themes through coding and analysis of the focus group transcripts: (a) misconceptions about HPV and HPV vaccine, (b) acceptability in using a cell phone for texting, (c) preferred language in text messages about HPV and HPV vaccine, and (d) preferred sources of text messages about HPV and HPV vaccine ( Table 2) .
Misconceptions About HPV and the HPV Vaccine. Students were generally unaware of their susceptibility to HPV, confused about how the virus was contracted and its severity. One student thought it could be contracted through basic skin-to-skin contact, for example, from wrestling. Students also did not know about the HPV vaccine, although some said it sounded vaguely familiar and thought they may have heard about it from television commercials. They were surprised that the vaccine was available for boys and not just for girls and expressed both positive responses, such as "It's good for you" and "It will make you live," and less positive responses, such as concern with side effects and anxiety about needles.
Comfort in Using a Cell Phone for Texting. Students who had a cell phone said they liked having it because they often preferred the privacy of texting to calling. Most students had not used text messaging to receive information about health topics. Some said they would not mind being able to text with their doctor or receive information from him or her by text. They did not want to receive unsolicited text messages and said that if they did not know the number where the message was coming from, they would delete it.
Question
Initial Survey, N (%) Final Survey, N (%)
Have you had any shots of the HPV vaccine? a Yes, one shot 0 (0.0) 2 (5.1) Yes, two shots 1 (2.6) 0 (0.0) Yes, all three 0 (0.0) 2 (5.1) Yes, not sure how many shots 1 (2.6) 0 (0. • Most have cell phone and prefer texting with others than calling because of ease, time saved, and ability to edit responses • Some students said they would not mind receiving health information by text but did not want the information to come unsolicited "I'm too lazy to talk to people." "Well, you can say anything that you feel like, but if, like, you type it out and don't feel like you want to say that . . . you can just delete it and then you can say something else." "I would rather sign up for it than I would just get it randomly because then you'd be like, delete." 3. Preferred language to use (or not use) in text messages about HPV vaccination
• Some liked shorthand texting (i.e., use of misspelled words, numbers for words), whereas others preferred more formal language, saying that using "text lingo" would minimize the issue • Most preferred text messages not be forceful or "demanding."
"A doctor wouldn't say 'LOL.'" "You should probably think about getting this" was a suggested message to use 
Preferred Language to Use (or not Use) in Text Messages
About HPV and HPV Vaccine. Some students said they wanted to see shortened and misspelled words common to text message lingo, such as "U" for "you." Others preferred words to be spelled out and grammatically correct, as they would expect in a text message about something as "serious" as HPV. "A doctor wouldn't say 'LOL' [laugh out loud]," explained one student. Some preferred "shots" instead of "vaccine" and "disease" instead of "infection" to describe HPV. Students puzzled over how to explain that the virus is "sexually transmitted" in a text message and laughed when the words "sexual," "vagina," and "penis" were spoken. They used terms such as "doing the nasty," "baby making," and "doing the dirty" to talk about sexual intercourse. Most students, however, did not recommend using colloquial terms in text messages about HPV because they thought such terms might minimize the seriousness of the issue.
In the second round of focus groups, students responded to sample text messages created from feedback in the previous focus groups. Many participants liked starting the text messages with a warning such as "You need to know this" or "This is important." Some students disagreed and said warning messages like these may scare them or make them nervous. Others liked a more conversational tone, such as "Hey! What's up?" or "Hey girl!" However, students said the conversational tone would not work if the text message was coming from an unknown source. They suggested a series of messages. "I would say who I was in the very first text message," suggested one student. "And then second: 'You need to know this;' 'This is important.' And then talk about the virus." In all groups, students preferred that any of the text messages not be directive, and they did not want to be told that they "had to get the shot." For some, knowing that the vaccine had already been given to many other boys and girls was a motivator to get the vaccine themselves.
Preferred Sources of Text Messages About HPV and HPV Vaccine. Students stressed the importance of receiving messages from credible sources, including doctors and HPV experts.
Final Message Testing
In the final survey, 39 students (26 females, 13 males) supported the idea of receiving text messages about HPV and HPV vaccine and preferred messages that allowed them to make their own decision about whether to get vaccinated (Table 3) .
Message Greeting. Students were split on whether they wanted to receive text messages about HPV and HPV vaccine with greetings spelled out (e.g., "you"; 54.3%) or in shorthand (e.g., "U"; 45.7%). They were also split on preference for type of greeting, such that 44.4% chose a friendly "Hey! What's up?" whereas 44.4% chose a more serious "You need to know this." A neutral "Hi there" emerged as the least favorite, with 11.1% choosing it.
Body of Message. The text message that received the best composite score (M = 2.33, SD = 0.72) for likeability, trustworthiness, and making the students want more information was "HPV is a sexually transmitted infection. But there is a vaccine you can get to prevent it!" This is a gain frame message stating that the chance of getting HPV infection would be reduced if the student was vaccinated against HPV.
The text message with the second best composite score (M = 2.19, SD = 0.67) for likeability, trustworthiness, and making the students want more information was "If you get the HPV vaccine, it will help keep you healthy." This is also a gain frame message indicating that vaccination will result in better health. Loss frame messages with threats about not getting vaccinated were scored lower overall. A nondirective message asking a question "Did you know that HPV vaccine can keep you from getting HPV one day?" scored higher (M = 2.09, SD = .47) than a directive message "You need to get the HPV vaccine to keep from getting HPV one day" (M = 1.84, SD = 0.55). The social norm frame, "Many boys and girls have already gotten the HPV vaccine," ranked in the middle (M = 1.98, SD = 0.73).
Message Closing. For the closing text, students were divided between "Talk to your doctor about the vaccine" and "Talk to your parents about getting the vaccine," both action steps seen as acceptable in the initial focus groups. The majority of students (73%) disliked the more directive "Go to the doctor to get the vaccine." For their preferred sources of text messages, the majority (68.4%) indicated their doctor, followed by someone slightly older who knows a lot about HPV (36.8%), and a major health organization (31.6%). They were least interested in hearing from the school nurse (13.2%) and someone their age who knows a lot about HPV (13.2%).
> > dIScuSSIon
This study explored sending text messages about HPV and HPV vaccine directly to young adolescents and was based on theoretical concepts from mass "Go to the doctor to get the vaccine." 2 (5.4) 27 (73.0) "Talk to your doctor about the vaccine." 18 (48.6) 5 (13.5) "Talk to your parents about getting the vaccine." 17 (45.9) 5 (13.5)
Text Message Suggestions for Practitioners Based on Participant Preferences
"Hey! HPV is the most common sexually transmitted infection, but there is a vaccine you can get to prevent it! Talk to your doctor about getting the vaccine today." "You need to know this: If you get the HPV vaccine, it will help keep you healthy. Talk to your parents about getting the vaccine today." "Hey! Did you know that the HPV vaccine can keep you from getting HPV one day? Talk to your doctors about getting the vaccine today." a. Liking, wanting more information, and trustworthiness were measured on a 3-point scale, where 1 = not at all, 2 = a little, 3 = a lot. b. The composite score is an average of the like, wanting more info, and trust scores for each respective message. communication, health behavior, and message design. We enlisted middle school students to partner with us to design persuasive messages for their peers to raise awareness about, seek more information about, and ultimately seek HPV vaccination (mass communication). Findings suggest that providing messages through texting on cell phones could be a strategic way to promote HPV vaccine to young adolescents (mass communication), the population for whom the HPV vaccine will be most effective (Markowitz et al., 2013) . The students in our study were mostly sexually naive but curious and took the prospect of risk of STIs and negative consequences seriously (health behavior). Students retained knowledge about HPV and HPV vaccine over the three educational sessions, as indicated by the surveys (health behavior). They said they would respond most to messages from a doctor or other respected health professionals, as opposed to peers (mass communication). They tended to prefer a positive gain frame rather than a threatening loss frame (message design).
The findings complement research on both texting as a channel to promote health messages and gain or loss framing of messages to adolescents (Gold et al., 2011; Hwang, Cho, Sands, & Jeong, 2012; Latimer et al., 2012; Perry et al., 2012) . Gain versus loss framing of health messages is the topic of much research, including decisions about HPV vaccination (Nan, 2012a (Nan, , 2012b . These studies have generally found that lossframed messages are more effective in promoting vaccination behaviors of adults and that gain-framed messages are effective with people who are more future oriented (Rothman et al., 2006) . However, effectiveness of gain or loss framing may be situational and somewhat undetermined (Akl et al., 2011) . Even though framing HPV vaccine messages with young adolescents has not been researched previously, framing messages about other health behaviors with adolescents has been studied (e.g., sun safety and smoking), and both gain and loss frames have been effective (Hwang et al., 2012; Latimer et al., 2012) .
Limitations
Our study findings are limited in that we explored text messaging with students in the middle schools in one rural county. As our sample of students was from the same geographic area, socioeconomic setting, and racial group, generalization to other schools, agegroups, or racial groups is limited. However, we also believe that this study is an important addition to the literature as much of the research on texting health messages has engaged minority participants in urban areas. Most important, we did not proceed to the next steps of assessing whether text messaging was either acceptable or feasible in the community.
Despite these limitations, this study has important implications. The students' insights on HPV vaccination and the use of text messaging can be used to enhance communication between parents and children and between health care providers and adolescents. We would suggest that future school-based projects use similar procedures with parental consent and child assent plus voluntary provision of cell phone numbers for adolescents to participate. Communication between parents/students and school personnel about health issues or events could be enhanced with the use of widely available mobile phones.
Future research is needed to develop a protocol for texting about HPV vaccination, and a plan for implementing and evaluating the effect of such communication via a mobile device. Additional research is also needed on testing adolescents' preferences for gain-or loss-framed messages, sources of those messages, and possible differences by age, gender, or race/ethnicity.
> > concluSIonS
The disappointing uptake of an important vaccine to reduce transmission of HPV means that it is strategic to explore all possible ways of increasing HPV vaccination. The use of cell phones and text messaging to educate adolescents about and promote HPV vaccination might be one way.
Findings from this study in the context of previous work on vaccination promotion among adults may provide useful strategies to create sound protocols for promotion of HPV vaccine among adolescents. Ongoing research on the use of mobile technology is needed as these devices continue to evolve and shape health communication. We hope our findings will promote more research that values input from adolescents and capitalizes on their comfort with texting as a primary form of communication. 
